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$EVWUDFW
/LWHUDWXUHSURYLGHVDVFRUHRIFDWDVWURSKHVRIVODEFROXPQVWUXFWXUHVZKHUHWKHODFNRIDQDGHTXDWHO\FRQVWUXFWHGUHLQIRUFHPHQW
UHVXOWHG LQ DQ DEVROXWH GHVWUXFWLRQ RI WKH FRQVWUXFWLRQ 7KLV SUREOHP LV QRW GHDOW ZLWK HLWKHU LQ WKH 3ROLVK 6WDQGDUGV QRU
LQWKH(XURFRGHV6RPHVXJJHVWLRQVFRQFHUQLQJWKHSUHYHQWLRQRIVXFKVLWXDWLRQVDUHWREHIRXQGPHUHO\LQ&6$$>@
,QVWUXFWLRQVFRQFHUQLQJVXFKDVWUXFWXUHDUHDOVRFRQWDLQHGLQ$&,>@
7KH SDSHUSUHVHQWV WKH UHVXOWV RI LQYHVWLJDWLRQV FDUULHG RXW RQ DPRGHO RI VODEFROXPQ FRQQHFWLRQV LQ WKH VFDOH  7KH DLP
RIWKHVH LQYHVWLJDWLRQVZDV WR ILQGRXW KRZ IDU DQ\ DGGLWLRQDOEHQGLQJPRPHQW UHVXOWLQJ IURP WKH HFFHQWULF HIIHFW RI WKH ORDG
DIIHFWVWKHYDOXHRIWKHGHVWUXFWLYHORDGLPSRVHGRQWKHFRQQHFWLRQDIWHULWVSXQFKLQJ$GGLWLRQDOO\WHVWVZHUHFDUULHGRXWIRUVL[
VLPSOLILHGPRGHOV%DVLQJ RQ WKHVHPRGHOV WKH DVVXPSWLRQV FRQFHUQLQJ WKH SRVVLELOLW\ RI VLPSOLI\LQJ WKH LQYHVWLJDWHGPRGHOV
LQRUGHUWRGHWHUPLQHWKHORDGEHDULQJFDSDFLW\RILQWHUQDOVODEFROXPQFRQQHFWLRQVLQUHLQIRUFHGFRQFUHWHVWUXFWXUH

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI8QLYHUVLW\RI=LOLQD)DFXOW\RI&LYLO(QJLQHHULQJ'HSDUWPHQWRI6WUXFWXUHV
DQG%ULGJHV
.H\ZRUGV UHLQIRUFHG FRQFUHWH VWUXFWXUH SURJUHVVLYH FROODSVH SXQFKLQJ VODEFROXPQ FRQQHFWLRQV WZRZD\ VODEV VWUXFWXUDO LQWHJULW\
UHLQIRUFHPHQWH[SHULPHQWDOUHVHDUFK


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,QWURGXFWLRQ
,QYHVWLJDWLYHDQDO\VHVRIWKHEHKDYLRXURIWKHVXSSRUWLQJ]RQHRIVODEFROXPQVWUXFWXUHVZLWKLQWKHUDQJHRIWKHLU
GHVWUXFWLRQ GXH WR SXQFKLQJ KDYH EHHQ ZLGHO\ FDUULHG RXW RQ KXQGUHGV RI PRGHOV ZKLFK SHUPLWWHG WR GHYHORS
YDULRXV PHWKRGV RI FDOFXODWLRQV LQFOXGLQJ VWDQGDUGL]HG RQHV +RZHYHU VLWXDWLRQV PD\ RFFXU LQ ZKLFK GXH WR
YDULRXV UHDVRQV HJIUHH]LQJRI WKH FRQFUHWH WKHVXSSRUWLQJ ]RQH LV GHVWUR\HGE\SXQFKLQJ ,Q VXFK DVLWXDWLRQ
WKHGHVLJQRIWKHVWUXFWXUHRXJKWWRSUHYHQWDGHYHORSPHQWRIWKHFDWDVWURSKH
7ZRZD\VODEVDUHYHU\FRPPRQDQGSURYLGHDQHFRQRPLFDOVWUXFWXUDOV\VWHPEXWRYHU WKHSDVW\HDUVVHYHUDO
IDLOXUHV KDYH RFFXUUHG WKDW UHVXOWHG LQ SURJUHVVLYH FROODSVHV 7KH FDWDVWURSKHV LQ %RVWRQ LQ %DLOH\ &URVVURDGV
LQ&RFRD%HDFK )ORULGD LQ0H[LFR&LW\ DQG LQ 6ZLW]HUODQG LQGLFDWH WKH QHHG RI GHVLJQLQJ FDUHIXOO\ GHVLJQ DQG
LQGHWDLOUHLQIRUFHGFRQFUHWHVODEFROXPQFRQQHFWLRQVWRSUHYHQWDSURJUHVVLYHFROODSVH
,QOLWHUDWXUHDVFRUHRIFDWDVWURSKHVRIVODEFROXPQVWUXFWXUHVKDVEHHQTXRWHGZKHUHWKHODFNRIDQDGHTXDWHO\
FRQVWUXFWHGVXSSRUWLQJUHLQIRUFHPHQWUHVXOWHGLQDFRPSOHWHGHVWUXFWLRQRIWKHZKROHVWUXFWXUH
2QH RI VXFK FDWDVWURSKHV RFFXUUHG VHYHUDO \HDUV DJR LQ :DUVDZ LQ 3RODQG 7KLV SUREOHP LV QRW WDNHQ LQWR
FRQVLGHUDWLRQV LQ WKH 3ROLVK 6WDQGDUGV QRU LQ WKH(XURFRGHV >@ 6RPH SURSRVLWLRQV RI SUHYHQWLQJ WKHRFFXUUHQFH
RIVXFKVLWXDWLRQVPD\EHIRXQGRQO\LQ&6$$>@DQG$&,>@
$ QXPEHU RI UHVHDUFK SURJUDPV KDYH EHHQ FDUULHG RXW WR LQYHVWLJDWH WKH SRVWIDLOXUH EHKDYLRXU
RIVODEFROXPQFRQQHFWLRQV
0:LHF]RUHN>@SUHVHQWVWKHUHVXOWVRIODERUDWRU\LQYHVWLJDWLRQVFRQFHUQLQJDQLQHILHOGVODEFROXPQVWUXFWXUH
LQWKHVFDOH  $V D PRGHO VHUYHG DUHLQIRUFHG FRQFUHWH VODE ZLWK WKH GLPHQVLRQV RI îî PP
,Q >@ KH SUHVHQWHG WKH UHVXOWV RI WKH WHVWV RI WKH VODE ZLWK WKH GLPHQVLRQV RI îî PP 7KHDLP
RI WKH LQYHVWLJDWLRQVZDV WRGHWHUPLQH WKHPHFKDQLVPRIGHVWUXFWLRQRIWKHFRUQHUSDUWRID VODEFROXPQVWUXFWXUH
FDXVHGE\WKHUHPRYDORIWKHVXSSRUWGHSHQGLQJRQWKHDSSOLHGUHLQIRUFHPHQW
0HOR DQG5HJDQ >@ UHSRUWHG WHVWV RI VODEVZLWK D WRWDO WKLFNQHVV RI PPDQG ERWWRPEDUV SDVVLQJ WKURXJK
WKHFROXPQ 7KH WHVWV ZHUH DLPHG DWLGHQWLI\LQJ WKH W\SH RI IDLOXUH DQG SUHGLFWLQJ WKH SRVWSXQFKLQJ UHVLVWDQFH
0LU]DHL>@UHSRUWHGDQH[SHULPHQWDOSURJUDPLQYROYLQJWKHWHVWLQJRIPPWKLFNVODEVVXSSRUWHGRQHLJKWUROOHU
EHDULQJV ZLWK DYHUWLFDO ORDG DSSOLHG WR D VWHHO SODWH +H LQYHVWLJDWHG WKH LQIOXHQFH RIWKH WRS DQG ERWWRP
UHLQIRUFHPHQW WKH VL]HRIWKHUHLQIRUFLQJEDUV WKH OD\RXWRI WKH UHLQIRUFHPHQWDQG WKH VWUHVVVWUDLQFKDUDFWHULVWLFV
RIWKHUHLQIRUFHPHQW
,Q WKH SDSHU >@ WKH DXWKRUV SUHVHQWHG LQYHVWLJDWLRQV FRQFHUQLQJ WKH SRVWSXQFKLQJ EHKDYLRXU RI UHLQIRUFHG
FRQFUHWH VODEFROXPQ FRQQHFWLRQVZLWK WKHJRDO RI SURYLGLQJ DGHTXDWH VWUXFWXUDO LQWHJULW\ UHLQIRUFHPHQW 7KHWHVW
UHVXOWV RI VHYHQ LQWHULRU VODEFROXPQ FRQQHFWLRQV DUH SUHVHQWHG 7KH HIIHFWV RI WKH VODE WKLFNQHVV WKHOHQJWK
RIVWUXFWXUDOLQWHJULW\UHLQIRUFLQJEDUVWKHGLVWULEXWLRQRIVWUXFWXUDOLQWHJULW\UHLQIRUFHPHQWLQVODEVZLWKUHFWDQJXODU
FROXPQVDQGWKHSODFHPHQWRIVWUXFWXUDOLQWHJULW\UHLQIRUFHPHQWLQVODEVZLWKGURSSDQHOKDYHEHHQVWXGLHG
0RVW LQYHVWLJDWLRQV FRQFHUQLQJ VODEFROXPQ FRQQHFWLRQV KDYH GHDOW VR IDUZLWK YDULRXVZD\V RIUHLQIRUFHPHQW
DVZHOO DV WKHYHULILFDWLRQRIPRGHOVDQGPHWKRGVRIFDOFXODWLRQVDQGDOVRZLWK WKHHIIHFWLYHQHVVRI YDULRXVZD\V
RIVWUHQJWKHQLQJWKHVH]RQHVRIVWUXFWXUHV>@>@/HVVDWWHQWLRQKDVEHHQGHYRWHGWRWKHEHKDYLRXURIWKHVXSSRUWLQJ
]RQHVDIWHUWKHLUSXQFKLQJ
7KHSURYLVLRQRIFRQWLQXRXVERWWRPUHLQIRUFHPHQWZDVUHFRPPHQGHGE\+DZNLQVDQG0LWFKHOO>@DVDSUDFWLFDO
HFRQRPLFDO VROXWLRQ ,Q WKH SDSHU >@ WKH DXWKRU SUHVHQWHG WKH LQYHVWLJDWLRQV FRQFHUQLQJ WKH SRVWSXQFKLQJ
EHKDYLRXURI UHLQIRUFHGFRQFUHWH VODEFROXPQFRQQHFWLRQV LQ WKUHHPRGHOVRI WKH LQWHUQDOFROXPQV7KHQRQD[LV
V\PPHWULFDO SXQFKLQJ VKHDU DURXQG LQWHUQDO FROXPQVRI5&ZDVGLVFXVVHG LQSDSHU >@ EXW RQO\ LQ WKH FDVHRI
DQD[LDOORDG
,QRUGHUWRDVVHVVDFFXUDWHE\WKHUHVHUYHRIWKHORDGFDSDFLW\RIWKHVXSSRUWLQJ]RQHDIWHULWVGHVWUXFWLRQGXHWR
SXQFKLQJ UHLQIRUFHG FRQFUHWH PRGHOV RI VODEFROXPQ FRQQHFWLRQV KDYH EHHQ LQYHVWLJDWHG LQ WKH VFDOH  >@
7KHFROXPQ ZDV SODFHG LQ WKUHH GLIIHUHQW SRVLWLRQV LQ UHODWLRQ WR WKH FHQWUH RI WKH VODE YL] D[LDOO\
RQWKHXQLGLUHFWLRQDOHFFHQWULFLW\DQGRQWKHELGLUHFWLRQDOHFFHQWULFLW\
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'HVFULSWLRQRIWKHLQYHVWLJDWHGPRGHOV
7KH LQYHVWLJDWLRQV FRPSULVHG WKUHH EDVLF PRGHOV FRQVWLWXWLQJ D IUDJPHQW RI WKH LQWHUQDO ]RQH DGMDFHQW WR
WKHFROXPQRIDW\SLFDOPRQROLWKLFVODEFROXPQVWUXFWXUH7KHLQYHVWLJDWHGHOHPHQWVZHUHFKDUDFWHUL]HGE\LGHQWLFDO
JHRPHWU\ D VLPLODU ORDGEHDULQJ FDSDFLW\ RI WKH FRQFUHWH DQG WKH VDPH GHJUHH RI WKH ERWWRP DQG WKH XSSHU
UHLQIRUFHPHQW 7KHVH HOHPHQWV ZHUH VTXDUH VODEV ZLWK GLPHQVLRQV RI  PP E\  PP DQGDWKLFNQHVV
RI  PP VXSSRUWHG E\ D FROXPQV ZLWK D VTXDUH FURVVVHFWLRQ RI [ PP DQG D KHLJKW RI PP
7KHFROXPQ ZDV SODFHG LQ WKUHH GLIIHUHQW SRVLWLRQV )LJ  7KH UHLQIRUFHPHQW RI WKH PRGHOV FRQVLVWHG
RIORQJLWXGLQDOVWUDLJKWEDUVPPLQGLDPHWHULQWKHERWWRPOD\HUDQGPPLQWKHXSSHURQH$ERYHWKHFROXPQ
DWWKHERWWRPRIHDFKPRGHOWZREDUVPPLQGLDPHWHUFURVVHGHDFKRWKHU$PRUHGHWDLOHGGHVFULSWLRQRIWKHVH
PRGHOVPD\EHIRXQGLQ>@
$GGLWLRQDOO\VL[VLPSOLILHGPRGHOVZHUHWHVWHG7KH\FRQVLVWHGPHUHO\RIDVTXDUHFROXPQZLWKDFURVVVHFWLRQ
RIPPE\PPDQGDKHLJKWRIPPE\ZKLFKSDVVHGWZREDUVPPLQGLDPHWHUSHUSHQGLFXODUO\WR
HDFKRWKHU6LPLODUO\DVLQWKHFDVHRIEDVLFPRGHOVWKHFROXPQZDVVLWXDWHGLQWKUHHGLIIHUHQWSRVLWLRQV)LJ
,Q HDFK PRGHO D ERWWRP UHLQIRUFHPHQW FURVVLQJ DERYH WKH FROXPQ ZHUH PDGH RI UHLQIRUFLQJ VWHHO FODVV&
HXN !IWNI\N DQGI\N 03D!03DLQFRPSOLDQFHZLWK(&>@


)LJ*HRPHWU\RIWKHEDVLFPRGHOVSRVLWLRQRIWKHFROXPQVDD[LDOEXQLGLUHFWLRQDOHFFHQWULFLW\FELGLUHFWLRQDOHFFHQWULFLW\

)LJ*HRPHWU\RIWKHVLPSOLILHGPRGHOVSRVLWLRQRIWKHFROXPQVDD[LDOEXQLGLUHFWLRQDOHFFHQWULFLW\FELGLUHFWLRQDOHFFHQWULFLW\
7HVWVWDQG
7KH LQYHVWLJDWLRQ ZDV FDUULHG RXW RQ D WHVW VWDQG )LJ D ZKLFK FRXOG FRQYH\ QRW RQO\ H[WHUQDO YHUWLFDO
DQGKRUL]RQWDOIRUFHVEXWDOVRDGGLWLRQDOXQEDODQFHGKRUL]RQWDOIRUFHVGLUHFWHGWRZDUGVLWVLQWHULRU7KLVWHVWVWDQGLV
HTXLSSHG ZLWK DQ DGGLWLRQDO VWUXFWXUH ZKLFK HQVXUHV D YHUWLFDO SRVLWLRQLQJ RI WKH FROXPQ LQGHSHQGHQW RI
DV\PPHWULFDOO\LPSRVHGIRUFHV7KHHOHPHQWRIWKHFROXPQLWVVLWXDWHGLQDVSHFLDOIHUUXOHRIVWHHODQGLWVYHUWLFDO
PRWLRQ LVHIIHFWHGE\DV\VWHPRI UROOV )LJ6XFKDVWUXFWXUHKDGEHHQGHVLJQHG LQRUGHU WRZDUUDQWDYHUWLFDO
D   E    F 
D   E    F 
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SRVLWLRQRIWKHFROXPQLQWKHFRXUVHRIWKHSHUIRUPHGLQYHVWLJDWLRQV9LHZRIWKHEDVLFPRGHOWRWKHWHVWVWDQGMXVW
EHIRUHWKHWHVWLVSUHVHQWHGLQ)LJD)LJEVKRZVWKHYLHZRIWKHVLPSOLILHGPRGHO

D E 
)LJ9LHZRIWKHWHVWVWDQGDWKHWHVWVWDQGDVDZKROHEGHWDLOVFRQFHUQLQJWKHSRVLWLRQLQJRIWKHFROXPQ
D E
)LJ0RGHOVLWXDWHGRQWKHWHVWVWDQGSUHYLRXVWRWKHWHVWVDEDVLFPRGHOEVLPSOLILHGPRGHO
7KHSURFHGXUHRILQYHVWLJDWLRQVDQGWKHLUUHVXOWV
7KHPRGHOVZHUHORDGHGE\H[HUWLQJRQWKHEDVHRIWKHFROXPQDFRQFHQWUDWHGIRUFHH[FLWHGE\DK\GUDXOLFVHUYR
PRWRUZLWKLQWKHUDQJHXSWRN1DQGZLWKDOLQHIHHGXSWRPPFRPSO\LQJZLWKWKHGLDJUDPSUHVHQWHG
LQ)LJ7KHVODEZDVIDVWHQHGE\PHDQVRIEROWVWRWKHWHVWVWDQGDIIL[HGWRWKHIORRURIWKHODERUDWRU\7KHEDUV
RIWKHERWWRPUHLQIRUFHPHQWFURVVHGDERYHWKHFROXPQMXWWHGRXWRIWKHFRQWRXURIWKHPRGHO7KH\ZHUHDQFKRUHG
E\PHDQVRIDVSHFLDOFODPSLQWKHWHVWVWDQGVRWKDWLWFRXOGWDNHRYHUFRQVLGHUDEOHIRUFHVFDXVHGE\WKHSXQFWXUH
$V IDU DV WKH VLPSOLILHGPRGHOV DUH FRQFHUQHG WKH FROXPQZDV QRW IL[HG WR WKH WHVW VWDQG RQO\ WKHEDUV SDVVLQJ
DERYHWKHFROXPQZHUHIDVWHQHGLQDVSHFLDOVRFNHWIL[HGLQWKHWHVWVWDQG)LJ
7KH SURJUDP RI LQYHVWLJDWLRQV RI WKH PDLQ PRGHOV FRPSULVHG WZR SKDVHV 'XULQJ WKH ILUVW RQH WZR F\FOHV
RIORDGLQJZHUHSHUIRUPHGWKHILUVWF\FOHFRQVLVWLQJLQSUHOLPLQDU\ORDGLQJDQGUHOHDVHRIWKHPRGHOWKHRWKHURQH
LQ ORDGLQJ WKHPRGHOXQWLO LWZDVGHVWUR\HGGXH WRSXQFKLQJDQG WKHQ WKHYDOXHRI WKH IRUFHRI WKH ORDGGURSSHG
1H[WWKHPRGHOZDVHQWLUHO\UHOHDVHGWKHEROWVIDVWHQLQJWKHPRGHORQWKHWHVWVWDQGZHUHXQVFUHZHG,QWKHFRXUVH
RI WKH VHFRQGSKDVH DIWHUSXQFKLQJ WKH ORDGZDV LQFUHDVHGXQWLORQHRI WKHEDUVFURVVLQJDERYH WKHFROXPQZDV
UXSWXUHG LQ UHVXOW RIZKLFK WKH IRUFH RI WKH ORDG GURSSHG IROORZLQJ WRZKLFK WKHPRGHOZDV DJDLQ ORDGHG XQWLO
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WKHVXEVHTXHQW EDUV FURVVLQJ HDFK RWKHU DERYH WKHFROXPQ UXSWXUHG 5HVXOWV RI LQYHVWLJDWLRQV FRQFHUQLQJ EDVLF
PRGHOVKDYHEHHQSUHVHQWHGLQ>@




ϭͲƐƚĞĞůďůŽĐŬĂŶĐŚŽƌŝŶŐƚŚĞďŽƚƚŽŵƌĞŝŶĨŽƌĐĞŵĞŶƚ
ƉĂƐƐŝŶŐƚŚƌŽƵŐŚƚŚĞĐŽůƵŵŶŝŶƚŚĞƚĞƐƚƐƚĂŶĚ
ϮͲƉůĂƚĨŽƌŵŽĨƚŚĞƚĞƐƚƐƚĂŶĚ
ϯͲďĂƌƐŽĨƚŚĞďŽƚƚŽŵƌĞŝŶĨŽƌĐĞŵĞŶƚ
ϰͲďŽůƚƐĨĂƐƚĞŶŝŶŐƚŚĞŵŽĚĞůŽŶƚŚĞƚĞƐƚƐƚĂŶĚ
ϱͲŝŶǀĞƐƚŝŐĂƚĞĚŵŽĚĞů
)LJ'LDJUDPLOOXVWUDWLQJWKHORDGLPSRVHGRQWKHEDVLFPRGHO



ϭͲƐƚĞĞůďůŽĐŬĂŶĐŚŽƌŝŶŐƚŚĞďŽƚƚŽŵƌĞŝŶĨŽƌĐĞŵĞŶƚ
ƉĂƐƐŝŶŐƚŚƌŽƵŐŚƚŚĞĐŽůƵŵŶŝŶƚŚĞƚĞƐƚƐƚĂŶĚ
ϮͲƉůĂƚĨŽƌŵŽĨƚŚĞƚĞƐƚƐƚĂŶĚ
ϯͲďĂƌƐŽĨƚŚĞďŽƚƚŽŵƌĞŝŶĨŽƌĐĞŵĞŶƚ
ϰͲŝŶǀĞƐƚŝŐĂƚĞĚŵŽĚĞů
)LJ'LDJUDPRIWKHORDGH[HUWHGRQWKHVLPSOLILHGPRGHO
,Q WKH FDVH RI WKH VLPSOLILHG PRGHOV WKH LQYHVWLJDWLRQV ZHUH SHUIRUPHG PRQRWRQLFDOO\ LQFUHDVLQJ WKH IRUFH
FDXVLQJ DYHUWLFDO GLVSODFHPHQWRI WKH FROXPQ'XH WR WKLV GLVSODFHPHQW WKHEDUVZHUH VLPXOWDQHRXVO\HORQJDWHG
DQGEHQW7KLV WHVWZDVFRQWLQXHGXQWLORQHRI WKHEDUV UXSWXUHG7KHQ WKH VWDELOLW\RI WKHHQWLUHPRGHO UHODWLYH WR
WKHWHVWVWDQGKDGEHHQORVW
,QWKHFRXUVHRIWKHSHUIRUPHGLQYHVWLJDWLRQVWKHGHIOHFWLRQVRIWKHFHQWUDOOLQHVRIWKHXSSHUVXUIDFHVRIWKHVODEV
DVZHOODVWKHGLVSODFHPHQWVRIWKHFROXPQDVDIXQFWLRQRIWKHLPSRVHGORDGZHUHPHDVXUHGDXWRPDWLFDOO\
7KH SHUIRUPHG PHDVXUHPHQWV SHUPLWWHG WR GHWHUPLQH WKH UHODWLRQV EHWZHHQ WKH LPSRVHG ORDG
DQGWKHGLVSODFHPHQWRIWKHFROXPQ)LJ7KHYDOXHRIWKHORDGZDVGHWHUPLQHGDWWKHPRPHQWRIWKHSXQFKLQJ
ZKHQWKHEDUVFURVVLQJHDFKRWKHUDERYHWKHFROXPQUXSWXUHG7DEOH7DEOH

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D
E
F
)LJ'LDJUDPVRIFKDQJHVLQWKHGLVSODFHPHQWRIWKHFROXPQDVDIXQFWLRQRIWKHORDGSRVLWLRQRIWKHFROXPQV
DD[LDOEXQLGLUHFWLRQDOHFFHQWULFLW\FELGLUHFWLRQDOHFFHQWULFLW\
7DEOH6SHFLILFDWLRQRIWKHYDOXHVRIIRUFHVDQGWKHGLVSODFHPHQWVIRUWKHPDLQPRGHOV
 0RGHO
ZLWKWKHFROXPQSRVLWLRQHG 3XQFKLQJ
5XSWXUH
RIWKHEDU
)RUFH
RQVHUYRPRWRU
>N1@
D[LDOO\  
XQLGLUHFWLRQDOO\HFFHQWULF  
ELGLUHFWLRQDOO\HFFHQWULF  
'LVSODFHPHQW
RIWKHFROXPQ
>PP@
D[LDOO\  
XQLGLUHFWLRQDOO\HFFHQWULF  
ELGLUHFWLRQDOO\HFFHQWULF  
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7DEOH6SHFLILFDWLRQRIWKHYDOXHVRIIRUFHVDQGWKHGLVSODFHPHQWVIRUWKHVLPSOLILHGPRGHOV
 0RGHO
ZLWKWKHFROXPQSRVLWLRQHG
5XSWXUH
RIWKHEDU
)RUFH
RQVHUYRPRWRU
>N1@
D[LDOO\ 
XQLGLUHFWLRQDOO\HFFHQWULF 
 ELGLUHFWLRQDOO\HFFHQWULF 
'LVSODFHPHQW
RIWKHFROXPQ
>PP@
D[LDOO\ 
XQLGLUHFWLRQDOO\HFFHQWULF 
ELGLUHFWLRQDOO\HFFHQWULF 
6\QWKHVLVRIWKHUHVXOWV
7KHPD[LPXPIRUFHVDIWHUWKHSXQFWXUH)SPD[DQG)VPD[REWDLQHGLQWKHUHVSHFWLYHEDVLFPRGHOVDQGVLPSOLILHG
PRGHOVKDYHEHHQJDWKHUHGLQ7DEOH0RUHRYHU LQFRPSOLDQFHZLWKWKHUHODWLRQWKHVXPRIWKHORDGEHDULQJ
FDSDFLWLHVRIDOOWKHERWWRPEDUVFURVVLQJHDFKRWKHUDERYHWKHFROXPQ)WRWZHUHGHWHUPLQHGDVZHOODVORDGEHDULQJ
FDSDFLWLHV RI WKH ]RQH DGMDFHQW WR WKH VXSSRUW DIWHU WKH SXQFWXUH)FDO  DFFRUGLQJ WR WKHVWDQGDUGV&6$$ >@
DQG$&,>@FRPSO\LQJZLWKWKHUHODWLRQ

SWN
Q
L LWSWRW
$QI)) ¦   
 
 
R
S\N
Q
L
R
LWSFDO VLQ$QIVLQ))  ¦     
ZKHUHQ±QXPEHURIEDUVSDVVLQJDERYHWKHFROXPQ$S±VXUIDFHDUHDRIDVLQJOHEDU 
)LJ7KHSULQFLSOHRIGHWHUPLQLQJWKHORDGEHDULQJFDSDFLW\RIWKHWHQVLRQPHPEHU
%HFDXVH LQ DOO WKHPRGHOV UHLQIRUFHPHQW EDUV GLVSOD\LQJ WKH VDPHPDWHULDO SDUDPHWHUV DUH DSSOLHG WKH YDOXHV
RIWKHIRUFHVGHWHUPLQHGEDVLQJWKHIRUPXODHDQGDPRXQWWR
>N1@ WRW) DQG >N1@ FDO)  
7DEOH&RPSDULVRQRIWKHFDOFXODWHGYDOXHVRIGHVWUXFWLYHORDGVZLWKWKHYDOXHVREWDLQHGLQUHVXOWRILQYHVWLJDWLRQV
0RGHO
ZLWKWKHFROXPQ
SRVLWLRQHG
0D[LPXPIRUFHREWDLQHGDIWHUWKH
SXQFWXUHLQWKHEDVLFPRGHO
)SPD[)SPD[>N1@
0D[LPXPIRUFHREWDLQHG
LQWKHVLPSOLILHGPRGHO
)VPD[>N1@
S
PD[
WRW
)
)  V
PD[
WRW
)
) 
D[LDOO\     
XQLGLUHFWLRQDOO\HFFHQWULF     
ELGLUHFWLRQDOO\HFFHQWULF    
 
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7KH YDOXHV RI WKH ORDGEHDULQJ FDSDFLW\ RI WKH ]RQH DGMDFHQW WR WKH VXSSRUW DIWHU WKH SXQFWXUH)FDO  FDOFXODWH
LQFRPSOLDQFHZLWK&6$$>@DQG$&,>@H[FHHGHGLQDOOWKHFDVHVWKHYDOXHRIIRUFHV)SPD[ZKLFKKDG
EHHQ REWDLQHG LQ WKH FRXUVH RI LQYHVWLJDWLQJ WKH EDVLF PRGHOV ,Q WKH PRGHO ZLWK WKH FROXPQ SRVLWLRQHG D[LDOO\
WKHPD[LPXPIRUFH)SPD[REWDLQHGDIWHUUHOHDVLQJWKHEROWVDPRXQWHGWRRIWKHYDOXH)FDO,QWKHFDVHRIEDVLF
PRGHOV LQ ZKLFK WKH FROXPQ ZDV SRVLWLRQHG HFFHQWULFDOO\ LQ RQH DQG LQ WZR GLUHFWLRQV WKHREWDLQHG YDOXHV
DPRXQWHGUHVSHFWLYHO\WRDQGRIWKHIRUFH)FDOFDOFXODWHGDFFRUGLQJWRWKHUHFRPPHQGDWLRQVTXRWHG
LQWKHVWDQGDUGV>@>@
,Q RUGHU WR FRPSDUH WKH PD[LPXP YDOXHV RI IRUFHV REWDLQHG E\ LQYHVWLJDWLQJ EDVLF DQG VLPSOLILHG PRGHOV
ZHPXVW WDNH LQWRDFFRXQW WKHGLIIHUHQFH LQ WKHZHLJKWRI WKHVHPRGHOV DPRXQWLQJ WRN1 ,QDOO WKHVHFDVHV
WKHPD[LPXPYDOXHRI WKH IRUFH)SPD[DIWHU WKHSXQFWXUH LQ WKHEDVLFPRGHOH[FHHGHG WKHPD[LPXP IRUFHV)VPD[
REWDLQHG LQ WKH FDVH RI VLPSOLILHG PRGHOV ZLWK WKH JLYHQ SRVLWLRQLQJ RI WKH FROXPQ 7KH GLIIHUHQFH EHWZHHQ
WKHYDOXHVRIWKHVHIRUFHVLVRQWKHOHYHORIWR
%DVLQJRQWKHREWDLQHGUHVXOWVWKHYDOXHVRIWKHUHODWLRQEHWZHHQWKHIRUFHGHVWUXFWLQJWKHEDUVDERYHWKHFROXPQ
)WRWDQGWKHGHVWUXFWLYHORDG)PD[ZHUHDVVHVVHG,QYHVWLJDWLRQFRQFHUQLQJWKHD[LDOSRVLWLRQRIWKHFROXPQUHVXOWHG
LQYDOXHVRI WKLVFRHIILFLHQWHTXDO WR ,Q WKHFDVHRIDQXQD[LDOSRVLWLRQRIWKHFROXPQ WKHREWDLQHG UHVXOWV
RIWKHFRHIILFLHQWZHUHLQWKHUDQJHRI
&RQFOXVLRQV
3UDFWLFDOO\WKHVLWXDWLRQRIWKHVWUXFWXUHLQWKHVWDWHRIDEUHDNGRZQLVUDWKHUUDUHO\DQDO\]HG'XHWRWKHIDFWRUV
PHQWLRQHG LQ WKH LQWURGXFWLRQ KRZHYHU D VLWXDWLRQPD\ RFFXUZKLFKPLJKW EH DW OHDVW WKHRUHWLFDOO\ DYRLGHG E\
DSSO\LQJDFURVVLQJUHLQIRUFHPHQWDERYHWKHFROXPQDVVXJJHVWHGLQ>@>@7KHDLPRIVXFKDUHLQIRUFHPHQWLVWR
FKHFNWKHIXUWKHUGHYHORSPHQWRIWKHFDWDVWURSKHZKHQWKHVXSSRUWLQJ]RQHKDVEHHQGHVWUR\HGGXHWRLWVSXQFWXUH
7KHREWDLQHGPD[LPXPIRUFHVLQWKHVODEFROXPQFRQQHFWLRQDIWHUWKHGHVWUXFWLRQFDXVHGE\WKHSXQFWXUH)SPD[
ZHUH OHVV WKDQ WKHYDOXHV)FDO FDOFXODWHG LQFRPSOLDQFHZLWK WKHVWDQGDUG&6$$>@DQG$&,>@7KLV
SUREOHPUHTXLUHVKRZHYHUIXUWKHULQYHVWLJDWLRQV
,QYHVWLJDWLRQVSHUIRUPHGEDVLQJRQEDVLFDQGVLPSOLILHGPRGHOVSHUPLWWHG WRYHULI\ WKH DVVXPSWLRQRISRVVLEOH
VLPSOLILFDWLRQV RI WKH WHVWHG PRGHOV 7KH FRQIRUPLW\ RI WKH REWDLQHG UHVXOWV RQ WKH OHYHO XS WR  MXVWLILHV
WKHVWDWHPHQW WKDW WKH UHVXOWV RI LQYHVWLJDWLRQV FRQFHUQLQJ WKH ORDGEHDULQJ FDSDFLW\ RI VODEFROXPQ FRQQHFWLRQV
EDVHG RQ VLPSOLILHG PRGHOV SURYLGHV UDWKHU H[DFW DSSUR[LPDWLRQ 7KLV UHJXODULW\ ZDV KRZHYHU FKHFNHG RQO\
LQ WKH FDVH RI LQWHUQDO VODEFROXPQ FRQQHFWLRQV DQG VKRXOG QRW EH JHQHUDOL]HG FRQFHUQLQJ H[WUHPH DQG FRUQHU
VWUXFWXUHV
$FNQRZOHGJHPHQWV
7KHVH LQYHVWLJDWLRQV ZHUH ILQDQFHG E\ WKH 2SHUDWLYH 3URJUDP RI ,QQRYDWLQJ 0DQDJHPHQW ZLWKLQ
WKHIUDPHRIWKHSURMHFW,QQRYDWLQJPHDQVDQGHIIHFWLYHPHWKRGVRILPSURYLQJWKHVDIHW\DQGGXUDELOLW\RIEXLOGLQJ
VWUXFWXUHVDQGWKHLQIUDVWUXFWXUHRIWUDQVSRUWLQWKHVWUDWHJ\RIUHFRQFLOHGGHYHORSPHQW32,*DQG
DOVRVSRQVRUHGE\WKH&HQWUHIRU3URPRWLRQRI6WHHO4XDOLW\LQ:DUVDZ
5HIHUHQFHV
>@ $&, &RPPLWWHH  %XLOGLQJ FRGH UHTXLUHPHQWV IRUVWUXFWXUDO FRQFUHWH DQG FRPPHQWDU\ $PHULFDQ &RQFUHWH ,QVWLWXWH 8QLWHG 6WDWH
$PHULFD
>@ &6$6WDQGDUG$'HVLJQRIFRQFUHWHVWUXFWXUHV&DQDGLDQ6WDQGDUG$VVRFLDWLRQ
>@ 31(1$&(XURFRGH'HVLJQRIFRQFUHWHVWUXFWXUHV3DUW*HQHUDOUXOHVDQGUXOHVIRUEXLOGLQJV(XURSHDQ6WDQGDUG

>@ &(%URPV(OLPLQDWLRQRI)ODW3ODWH3XQFKLQJ)DLOXUH0RGH$&,6WUXFWXUDO-RXUQDO
>@ ) +DELEL ( 5HGL:' &RRN '0LWFKHOO $VVHVVPHQW RI &6$ $ VWUXFWXUDO LQWHJULW\ UHTXLUHPHQWV IRU WZRZD\ VODEV &DQDGLDQ
-RXUQDORI&LYLO(QJLQHHULQJ
>@ 10+DZNLQV'0LWFKHOO3URJUHVVLYHFROODSVHRIIODWSODWHVWUXFWXUHV-RXUQDORIWKH$PHULFDQ&RQFUHWH,QVWLWXWH
>@*66$0HOR3(5HJDQ3RVWSXQFKLQJUHVLVWDQFHRIFRQQHFWLRQVEHWZHHQIODWVODEVDQGLQWHULRUFROXPQV0DJD]LQHRI&RQFUHWH5HVHDUFK

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>@<0LU]DHL3RVWSXQFKLQJEHKDYLRURIUHLQIRUFHGFRQFUHWHVODEV3K'WKHVLV6FKRRORI$UFKLWHFWXUH&LYLODQG(QYLURQPHQWDO(QJLQHHULQJ
(FROHSRO\WHFKQLTXHIpGpUDOHGH/DXVDQQH(3)/6ZLW]HUODQG
>@ '0LWFKHOO:'&RRN3UHYHQWLQJ3URJUHVVLYH&ROODSVHRI6ODEV6WUXFWXUHV-RXUQDORI6WUXFWXUDO(QJLQHHULQJ
>@ - 6DJDVHWD $0XWWRQL )HUQDQGH] 5XL]0 7DVVLQDUL / 1RQD[LVV\PPHWULFDO SXQFKLQJ VKHDU DURXQG LQWHUQDO FROXPQV RI 5& VODEV
ZLWKRXWWUDQVYHUVHUHLQIRUFHPHQW0DJD]LQHRI&RQFUHWH5HVHDUFK3DSHU8.S
>@%:LHF]RUHN,QIOXHQFHRIWKHORFDWLRQRIWKHFROXPQRQWKHORDGFDSDFLW\RIDVODEFROXPQFRQQHFWLRQIRUWKHLQQHUFROXPQDIWHUSXQFKLQJ
3URFHGLD(QJLQHHULQJ9ROXPHS
>@0 :LHF]RUHN ,QIOXHQFH RI DPRXQW DQG DUUDQJHPHQW RI UHLQIRUFHPHQW RQ WKH PHFKDQLVP RI GHVWUXFWLRQ RI WKH FRUQHU SDUW
RIDVODEFROXPQVWUXFWXUH3URFHGLD(QJLQHHULQJ9ROXPHS
>@0 :LHF]RUHN ,QYHVWLJDWLRQV FRQFHUQLQJ WKH FRUQHU SDUW RI WKH UHLQIRUFHG FRQFUHWH VWUXFWXUH LQ WKH HPHUJHQF\ RIUHPRYLQJ WKH FRUQHU
VXSSRUW3URFHGLD(QJLQHHULQJ
